Introduction Iatrogenic ureteral injuries can occur during various abdominopelvic and retroperitoneal surgical procedures including gynecological, urological, colorectal and vascular. Objective The aim of our study was to examine the incidence and types of iatrogenic ureteral injuries occurred over the period of 16 years, as well as to evaluate the values of applied diagnostic and therapeutic procedures. Methods A retrospective analysis of clinical data (medical records and operative reports) of 55 patients (11 male and 44 female; mean age 54.5 years) with verified iatrogenic ureteral injury from 1998 to 2014, was performed. Results Iatrogenic ureteral injuries occurred during gynecological procedures in 55%, urological in 25%, colorectal in 15% and vascular in 5% of cases. Mechanisms of injury were incomplete transection (n=23), complete transection (n=1), ligation (n=7), partial perforation (mucosal abrasion) (n=13) and total perforation (n=1). The most frequent diagnostic procedures for postoperative identification of ureteral injuries were abdominal ultrasonography, excretory urography, antegrade pyeloureterography and retrograde ureteropyelography. Early therapeutic procedures were applied in 35 (64%), while delayed in 20 cases (36%). Early (<30 days) or late (>30 days) postoperative complications were verified in 14 cases (25%). Conclusion Among different surgeries that may lead to the development of iatrogenic ureteral injury, gynecological procedures represent the most common cause. Rapid diagnosis enables immediate ureteral repair and is associated with low morbidity rates, representing a major factor contributing to the treatment success and ultimately preserving the renal function.
INTRODUCTION
Injuries to the ureter whether from the external or iatrogenic trauma are very rare and account for 1%-2.5% of all urinary tract traumas [1] . Retroperitoneal anatomic position of the ureter, as well as its mobility and flexibility, enable good protection from external trauma. In the majority of cases (>90%), either a partial or total ureteral injury is due to penetrating trauma, predominantly gunshot wounds and is often associated with collateral damage to other abdominal and retroperitoneal structures. Blunt trauma rarely occurs [2] . Iatrogenic ureteral injuries are more frequent and are usually isolated. The most common causes include complications of abdominopelvic procedures like gynecological, endourological, urological, vascular and colorectal, whether open or laparoscopic [3, 4, 5] . The mechanisms of operative injury to the ureter encompass partial or complete clamping, suture ligature, incomplete or complete transection, ureteral angulations with secondary obstruction, ureteral ischemia due to excessive denudation or electro coagulation, and partial or total perforation. Risk factors include re-do surgery, advanced tumors, inflammation, Ormond's disease, previous irradiation, ureteral duplication, and renal ectopia. The symptoms may appear immediately or after some delay [6, 7, 8 ] .
OBJECTIVE
The aim of our study was to investigate the incidence and types of iatrogenic ureteral injuries over the period of 16 years, as well as to evaluate the value of applied diagnostic and therapeutic procedures.
METHODS
During the period January 1998 -January 2014 a total of 55 patients (11 male and 44 female), mean age 54.5 years (range 19-72 years), were verified with iatrogenic ureteral injury at the Urological Clinic of Clinical Center Niš. In this retrospective study, the medical records and radiographic studies of all patients were reviewed. For the purpose of the study, any adverse or inattentive injury to ureter during any surgical procedure, whether urological, gynecological, colorectal or vascular, was considered iatrogenic ureteral injury. All injuries were identified and verified by the urologist and necessitated some of the following procedures: intraoperative ureteral repair, postoperative endourologic or open urologic procedure. Iatrogenic ureteral injuries were classified by the affected ureteral segment (lumbar, iliac, pelvic), the type of surgical procedure that caused the injury as well as characteristics and mechanisms of iatrogenic injury by the type of the procedure. Diagnostic and therapeutic procedures were analyzed depending on the time of performance, as early -intraoperative or immediate -postoperative (<24 hours) and delayed procedures. Surgical complications were assessed by the type of the procedure and the time of appearance. Statistical analysis was done using Chi-square and Fisher's exact tests for variables comparison. P values of 0.5 were considered statistically significant.
RESULTS
A total of 55 patients were diagnosed with iatrogenic ureteral injury. In respect of the anatomic localization of the injury, the lumbar ureter was affected in 5 (9%), iliac in 13 (24%) and pelvic in 37 cases (67%).
Iatrogenic ureteral injuries occurred during the following surgical procedures: gynecological, urological, colorectal and vascular. Iatrogenic ureteral injuries by etiology are summarized in Table 1 .
Mechanisms of iatrogenic ureteral injuries included: incomplete transection (23 cases) (Figure 1 ), complete transection (11 cases), ligation (7 cases), partial perforation (mucosal abrasion) (13 cases) and total perforation (1 case). Table 2 shows characteristics and mechanisms of iatrogenic ureteral injury by the type of the procedure.
Intraoperative or immediate postoperative procedures for iatrogenic injuries were applied in 35 cases and are summarized in Table 3 .
Surgical procedures for ureteral repair were performed in all cases. Depending on the type, extent and localization of the injury, early (<24 h) or delayed treatment were applied.
Early treatment was applied in 35 (64%) ( Table 4 ). All cases (n=20) with intraoperatively recognized injury underwent primary repair. In 15 cases, during the immediate postoperative period, the diagnosis was established by abdominal ultrasonography, excretory or multislice computer tomography (MSCT) and excretory urography. Additional antegrade pyeloureterography was performed in all cases with percutaneous nephrostomy and retrograde ureteropyelography in cases with ureteroscopic ureteral injury (Figure 2a,b) . Ureteral suture (primary closure) with double J stenting was performed in four cases with incomplete ureteral transection (two gynecological, one colorectal and one vascular). Uretero-ureterostomy was performed in three cases after complete ureteral transection (one due to urological, one due to colorectal and one due to vascular surgery). In 14 cases, percutaneous nephrostomy was applied due to ureteral ligation because of gynecological procedure (n=5) or partial perforation (mucosal abrasion) due to endoscopic urological interventions (n=9). Of these, 5 cases with percutaneous nephrostomy after gynecological ligation underwent further (delayed) treatment. In the remaining 9 urological cases, since ureteral damage had resolved after 2-4 weeks, percutaneous nephrostomy had been extracted nephrostomy. Ureteroneocystostomy was undertaken in 10 cases, seven after gynecological (five with complete and two with incomplete ureteral transection), two after colorectal (one with complete and one with incomplete ureteral transection) and one after vascular surgery (due to complete transection). In one case a complete ureteral transection was overlooked during a colorectal procedure, and during the early postoperative period urinary drainage was the indication for revision and ureteroneocystostomy. By the type of the ureteroneocystostomy procedure, LichGregoire was applied in six, psoas bladder hitch in three and Boari flap in one case. In all cases ureteral stenting by double J stent was performed during the procedure. Double J stenting for 4-6 weeks was used in four cases with a partial ureteral perforation (mucosal abrasion) due to endoscopic urologic instrumentation. In all of them it was successful treatment option.
In the remaining 25 cases with iatrogenic trauma (including five with temporary percutaneous nephrostomy due to ureteral ligation), delayed operative treatment was applied. Diagnosis was established by radiographic studies, including MSCT urography with additional retrograde uretropyelography for assessing the length of ureteral stump. Antegrade pyeloureterography was performed in all cases with temporary percutaneous nephrostomy tube.
Delayed procedures included ureteroneocystostomy (Lich-Gregoire, psoas bladder hitch or Boari flap), ureteral reconstruction by ileal segment interposition and nephrectomy (Table 5) .
Ureteroneocystostomy was applied in a total of 21 cases (16 with ureterovaginal fistula due to incomplete ureteral transection and five with ligated ureter and temporary percutaneous nephrostomy). Direct ureterovesical anastomosis (Lich Gregoire) was performed in 15 cases (12 with ureterovaginal fistula due to incomplete ureteral transection during gynecological procedures and three with ligated ureter). Psoas bladder hitch technique was applied in three cases (two with incomplete ureteral transection and one with ligated ureter), while the Boari flap in the remaining three cases (two with incomplete ureteral transection and one with ligated ureter). In all cases, intraoperative a double J stent placement was performed. Double J stent was exteriorized at 21 st postoperative day. In two cases, since ureteral ligation after gynecological procedure was detected late with grade IV hydronephrosis and severe deteriorization of renal function, nephrectomy was done. In one case, nephrectomy was performed due to a complicated post-radiation urinary fistula. In one case, due to a high ureteral position of the fistula after incomplete transection, ileal ureteral reposition was applied ( Figure 3 ). A total of 14 cases (25%) were verified with early (<30 days) or late (>30 days) postoperative complications.
After intraoperative or immediate postoperative procedures, of 35 cases surgical complications were verified in four (11%). Of these, there were two cases of gynecological origin (both with direct ureteroneocystostomy Lich Gregoire), one colorectal (postoperative urinoma) and one vascular (stenosis at the ureteroureterostomy anastomotic site). One gynecological case developed stenosis of ureteroneocystostomy so that a re-do surgery was performed successfully (re-ureteroneocystostomy Lich-Gregoire). Due to early postoperative double J stent migration in the second case, endoscopic replacement of the stent was performed. In the colorectal case with ureteroneocystostomy, urinoma was verified due to double J stent obstruction and the stent was replaced. There was one case with late stenosis at the ureteroureterostomy anastomotic site, following by the loss of ipsilateral renal function. In this case, nephrectomy was performed.
Major late complications were observed in five cases (20%); three with gynecological origin (one stenosis of ureteroneocystostomy and two prolonged drainage due to urinary extravazation) and two with urological origin (one urinoma due to double J stent obstruction and one lumbar ureteral stenosis at the ureteroureterostomy anastomotic site). In a case with neocystostomy (UNC) stenosis, the re-do surgery with reureteroneocystostomy Lich-Gregoire was performed successfully, while in the remaining two cases with gynecological origin of urinary extravasation that ceased after prolonged drainage. Urinoma in the urologic group discontinued after a double J stent replacement. In the case of late lumbar ureteral stenosis following ureteroureterostomy after complete ureteral perforation, a renal autotransplantation was performed.
Compared to early, delayed diagnosis and treatment were associated with higher major surgical complication rate, but the difference is not statistically significant (χ 2 =0,458; Fisher = 0.3489).
DISCUSSION
In 1868, Alfred Poland described ureteral avulsion in a young women and it was the first report on ureteral trauma [9] . Later, in 1904, the first ureteral procedure was described by Henry Morris [10] . Iatrogenic ureteral injuries are usually caused by abdominopelvic surgery including gynecological, urological, colorectal or vascular procedures, with reported incidence between 0.3% and 10% in most series [4, 11, 12] . With regard to the type of surgical procedure, the majority of more than 50% of all ureteral injuries arises from gynecological surgery, with general surgery traditionally accounted as a second frequent cause with the reported incidence of 5-15%. Nevertheless, the latest reports demonstrate that improvements in gynecological and general surgical operative techniques have made it possible to reduce the incidence of ureteral injuries.
However, in recent years a widespread use of minimally invasive endoscopic and laparoscopic, as well as anti-incontinent procedures have increased urologically-induced ureteral trauma. It has been reported that urological procedures share 30% of all iatrogenic ureteral injuries [5, [13] [14] [15] [16] .
There are three groups of risk factors for iatrogenic ureteral injury: anatomical, anatomo-pathological and technical. Few normal anatomical circumstances complicate intraoperative identification of the ureter including ureteral adherence to the parietal peritoneum and its similarity to adjacent structures such as the lumbo-ovarian ligament and uterine artery. However, the ureter can be easily mistaken and transected or ligated. Moreover, since it is poorly vascularized by terminal arterial branches, it is highly vulnerable to stripping and any vascular periureteral damage can induce avascular necrosis, which usually becomes manifest a few days after surgery. The anatomopathological risk factors, as aforementioned, include the presence of congenital anomalies, retroperitoneal or pelvic tumors, uterine prolapse, endometriosis, previous surgery or radiation therapy. Numerous technical factors can increase the risk of ureteral injury. Some of these are associated injuries of abdomen or retroperitoneum, bleeding in the operating field that complicates the identification of ureter, blind clamping for hemostasis, the presence of advanced tumors, and inexperienced surgeons [17] .
Iatrogenic ureteral injuries most commonly affect distal one third and pelvic ureter. It is consistent to our experience, since the lumbar ureter was affected in 9%, while in the remaining 91% it was ilio-pelvic segment [3, 6] .
In our series, gynecological surgery accounts for 54% of all iatrogenic injuries, followed by urological, colorectal and vascular procedures, which is similar to pooled data from most studies [6, 7, 11] . The overall incidence of ureteral injuries due to gynecological surgery is 1.6 per 1000 procedures [3] .
Diagnosis of ureteral injuries depends on the type and the extent of injury. Although the recognition of injury and the diagnostic procedure are typically delayed, the most preferred is early (intraoperative) diagnosis, if possible. Despite some controversies regarding the time of repair, it has been aproved by most authors since late identification is commonly associated with high rates of complications including the loss of the renal unit [5, 18, 19] . Dobrowolski et al. [3] , reported that only 11.5% of all iatrogenic ureteral injuries are diagnosed and managed intraoperatively. However, 70%-80% of iatrogenic injuries are diagnosed with a delay [20] .
During open surgery, urinary extravasation in the operative field represents the most obvious event that enables easy recognition of ureteral injury. If it is not possible to identify the exact site of extravasation, intravenous administration of indigo carmine along with Lasix, or on-table excretory urography could be useful. In case of suspected ureteral ligation, it should be explored and deliberated from the ligature or clip. Afterwards, ureteral viability should be inspected. If it does not provide sufficient information, a retrograde ureteral catheterization through the cystotomy should be attempted. In cases of partial ureteral transection, a primary repair by direct suture or spatulated anastomosis over the double J stent is recommended.
However, the degree of early iatrogenic injury recognition depends on the type of the procedure. Since the high suspicion index of injury is present in ureteroscopy, this procedure is associated with a high degree of early injury recognition. During the last two decades, the growing experience of urologists performing ureteroscopic procedures along with novel instruments have led to a dramatic decrease of iatrogenic injuries [21, 22, 23] . Nevertheless, most laparoscopy-induced ureteral injuries are still lately recognized [24] [25] [26] [27] [28] .
Late recognition of injury is often associated with symptoms including fever, flank pain, hematuria, ileus or urinary fistula. If symptoms are present, urinary tract ultrasound should be done as a first choice tool. It can show the presence of hydronephrosis or urinoma. Although rare, bilateral ureteral injuries produce anuria, which can be easily recognized. In our series ultrasound was very useful since it can provide quick and non-invasive diagnosis. Besides, ultrasound-guided percutaneous nephrostomy can be easily performed as a temporary therapeutic solution enabling additional diagnostic procedures. It includes antegrade pyeloureterography (to assess ureteral injury) or ureteral stent placement. In our series, percutaneous nephrostomy was applied in the majority of cases and we strongly support it regarding all aforementioned advantages. The use of percutaneous nephrostomy in the initial diagnosis and/or treatment has been proposed by several authors [3, 6] .
In the presence of symptoms, if ultrasound does not provide sufficient data, MSCT urography is preferred, since some authors have reported a low diagnostic value of excretory urography and frequent false-negative results [29] . However, any uncertainties from excretory urography require further investigation. It includes retrograde ureteropyelography. According to our experience which is consistent with several reports, it is a sensitive and specific tool in assessing characteristics of injury, such as the level and degree. Nonetheless, it could have therapeutic effect if the stent is placed safely and appropriate [30, 31, 32] .
In our series, early diagnosis and treatment were applied in 35 cases (64%), 17 intraoperatively and 18 immediate postoperatively. Of these, 14 cases underwent percutaneous nephrostomy during the immediate postoperative period (<24 hours). Five of them (gynecological origin) were operated by delayed procedures while the rest of nine cases were with a nephrostomy tube without complications. Early identification of ureteral injury was carried out intraoperatively in 17 cases due to urine leak recognition (incomplete transection of dilated ureter -six cases; complete ureteral transection -10 cases; total ureteral perforation -one case). In these cases, immediate ureteral repair was performed using the following urologic procedures: ureteral suture in four, end-to-end ureteroureterostomy in three (with ipsilateral renal mobilization in one), Lich-Gregoire ureteroneocystostomy in six, psoas bladder hitch in three and Boari flap in one case. In all cases, the double J catheter stenting was performed along with the procedure. As proposed by Koukuras et al. [33] , we selected four cases for endourologic treatment of mucosal abrasion with double J stenting and it was a definite and successful treatment option.
In the remaining 18 cases, the diagnosis was established during the immediate postoperative period by renal ultrasound, MSCT urography and/or retrograde ureteropyelography. Intraoperative primary ureteral repair is reported to be in 30% of cases [34] . In a recent report by Papanikolau et al. [35] more than half ureteral injuries during hysterectomy have been identified intraoperatively with a consequent primary repair.
In our series, a total of 20 (36%) cases were diagnosed with a delay. In all, including five with temporary percutaneous nephrostomy due to ureteral ligation, there were a total of 25 cases who underwent delayed operative treatment. Delayed procedures included ureteroneocystostomy (Lich-Gregoire, psoas bladder hitch or Boari flap), ureteral reconstruction by ileal segment interposition and nephrectomy. Ureteroneocystostomy was applied in a total of 21 cases (16 with ureterovaginal or ureterocutaneous fistula due to incomplete ureteral transection and five with ligated ureter and temporary percutaneous nephrostomy). As aforementioned, in three cases, nephrectomy was done and in one case ileal ureteral reposition was applied. According to our experience, delayed diagnosis and treatment were associated with a higher major surgical complication rate, but the difference is not statistically significant.
It has been reported that maintaining a high index of suspicion along with full recognition of predisposing pathology are of utmost importance for managing ureteral injuries, since urine analysis and imaging studies are often unsafe [3] .
Several studies have shown that the majority of lower ureteral iatrogenic injuries are caused by clamping or transection and do not produce extensive ureteral defects [36] . Cormio et al. [37] noted 25 mm (range 5 to 50 mm) as the average length of iatrogenic ureteral injury in their series. Utrie et al. [38] proposed ureteral reimplantation if the length of distal ureteral defect was up to 50 mm from its bladder entry. Nevertheless, several authors proposed end-to-and ureterostomy over the double J stent in all cases with 20-25 mm length of distal ureteral stump. In addition, they consider that at least 60 mm of the ureteral defect can be compensated by renal mobilization, allowing regular tension free anastomosis [39] . In order to assess the distal ureteral stump precisely, ureteropyelography is strongly recommended [36] . It is widely accepted that ureterocystoneostomy procedures, whether direct, psoas hitch or Boari flap, have demonstrated a great potential for the distal ureteral repair, especially if detected late [4, 31] . In our series, it was confirmed with the low rate of ureteral reimplantation-associated complications.
Undoubtedly, the advantages of ureteroureterostomy include preservation of physiologic antireflux mechanism and intact bladder. Anyhow, it has been emphasized that successful ureteroureterostomy requires a precise diagnosis and strict respect of certain surgical principles [30, [40] [41] [42] [43] .
In all cases in our series, ureteral repair in the acute setting was performed according to the principles proposed by Brandes et al. [6] in evidence-based analysis Consensus on Genitourinary Trauma. It includes appropriate ureteral debridement and mobilization, implantation of double J ureteral stent and tension-free anastomosis, isolation of the repaired segment, placement of retroperitoneal drain and performing proximal urinary diversion (if necessary) [6, 36] . Based on these principles, primary repair can be successful in most cases.
Otherwise, it has been proposed that prior to difficult abdominopelvic surgical procedures prophylactic placement of double J stent facilitates identification of the ureter and thus decreases the possibility of potential injuries [12] .
Other techniques include ileal loop, renal autotransplantation and transureteroureterostomy, but they have been rarely performed as recorded by published series. In our series, the ileal loop was applied in one case due to a long defect of midureter while renal autotransplantation was applied in one case due to a long upper ureteral defect. The rate of nephrectomy, performed in 3/55 cases (5%) from our series is consistent with large published series [5, 12] .
CONCLUSION
Among different surgeries that may lead to the development of iatrogenic ureteral injury, gynecological procedures represent the most common cause. Rapid diagnosis enables immediate ureteral repair and is associated with low morbidity rates, representing a major factor contributing to the treatment success and ultimately preserving the renal function. Regardless of the etiology, iatrogenic ureteral damage is almost always finally addressed to urologist. Hence, it is of utmost importance for surgeons performing procedures within or adjacent to the ureter, to sustain a high index of suspicion, foreseeing potential ureteral injury and therefore facilitate the diagnostic procedure. In cases with delayed diagnosis, urinary leak is commonly managed by percutaneous nephrostomy as a temporary minimally invasive urinary diversion which safely enables further diagnostic and therapeutic approach. Surgical management encompasses a wide range of ureteral reconstructive procedures that can be successfully used depending on the type, extent and localization of the injury.
КРАТАК САДРжАЈ
Увод Ја тро ге не по вре де уре те ра мо гу на ста ти то ком раз-ли чи тих аб до ми нал но-пел вич них и ре тро пе ри то не ал них хи рур шких за хва та, укљу чу ју ћи ги не ко ло шке, уро ло шке, ко ло рек тал не и ва ску лар не. Циљ ра да Циљ ра да је био да се ис пи та ју уче ста лост и вр-сте ја тро ге них по вре да уре те ра на ста лих то ком 16 го ди на и про це ни вред ност при ме ње них ди јаг но стич ких и те ра-пиј ских по сту па ка. Ме то де ра да Ура ђе на је ре тро спек тив на ана ли за кли нич-ких по да та ка (исто ри ја бо ле сти и хи рур шких из ве шта ја) 55 бо ле сни ка (11 му шка ра ца и 44 же на, про сеч не ста ро сти од 54,5 го ди на) с по твр ђе ном ја тро ге ном по вре дом уре те ра то ком пе ри о да 1998-2014. го ди не. Ре зул та ти Ја тро ге не по вре де уре те ра на ста ле су то ком ги-не ко ло шких за хва та код 55% ис пи та ни ка, уро ло шких код 25%, ко ло рек тал них код 15% и ва ску лар них код 5% бо ле-сни ка. Ме ха ни зми по вре ђи ва ња би ли су: не пот пу на тран-сек ци ја (код 23 ис пи та ни ка), пот пу на тран сек ци ја (1), ли га ту-ра (7), пар ци јал на пер фо ра ци ја -абра зи ја му ко зе (13) и то-тал на пер фо ра ци ја (1) . Нај че шћи ди јаг но стич ки по ступ ци за по сто пе ра ци о но пре по зна ва ње уре те рал них по вре да би ли су ул тра звуч ни пре глед аб до ме на, ин тра вен ска уро гра фи ја, ан те ро град на пи је ло у ре те ро гра фи ја и ре тро град на уре те-ро пи је ло гра фи ја. Ра ни те ра пиј ски по ступ ци при ме ње ни су код 35 бо ле сни ка (64%), а од ло же ни код 20 (36%). Ра не (до 30 да на) или ка сне (после више од 30 да на) по сто пе ра ци о-не ком пли ка ци је за бе ле же не су код 14 ис пи та ни ка (25%). За кљу чак Ме ђу раз ли чи тим опе ра ци ја ма ко је мо гу до ве-сти до ја тро ге них по вре да уре те ра, ги не ко ло шки за хва ти су нај че шћи узрок. Бр за и ефи ка сна ди јаг но сти ка омо гу ћа ва не по сред ну ре кон струк ци ју уре те ра и удру же на је с ни ским сто па ма мор би ди те та, чи ме пред ста вља глав ни фак тор ко-ји до при но си успе ху ле че ња и крај њем очу ва њу функ ци је бу бре га. 
